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BACKGROUND: 
On June 26-28, 2018 USEPA R5 monitored to evaluate the ambient air concentrations of hydrogen 
sulfide (H2S) and methane (CH4) around Big Ox Energy operations, following an upset in their 
biodigester.  Big Ox Energy is a waste recycling provider that converts industrial food and agricultural 
waste into pipeline-grade renewable natural gas, located at 1616 D Ave, Dakota City, NE 68776.   
 
Region 5’s Geospatial Monitoring of Air Pollution (GMAP) uses a Picarro G2204 cavity ringdown 


spectroscopy (CRDS) analyzer (SN 2267-BFADS2013) to measure H2S and CH4.  The data are integrated 


with global positioning system (GPS) location information and meteorological parameters, when 


available, to quantify air pollutant concentrations.  The DUVAS Model DV3000 SN UV3000-201502-1007 


(or a backup unit DV3000 SN UV3000 SN 201502-1006) that is used to collect benzene, toluene, 


ethylbenzene,m-o-p xylene (collectively known as BTEX), styrene, formaldehyde, and SO2 ambient air 


concentration data was not operational during this campaign.  In addition to the GMAP measurements, 


EPA Air Method, Toxic Organics – 15 (TO-15) canisters were collected to identify the presence of volatile 


organic compounds (VOC) for analysis by gas chromatography/mass spectrometry (GC/MS) at EPA 


Region 5’s Central Regional Laboratory (CRL).  Additional information can be found in the SOP and May 


30, 2017 Quality Assurance Project Plan (GMAP SOP R5-ARD-0002-r3; QAPP V4.0 2017-05-30), and [VOC 


SOP R5-ARD-0003-r2]. 
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FIELD OBSERVATIONS: 


  


 


 GMAP operators Justin Coughlin and Scott Hamilton arrived in the project area on 6/25/2018 


at approximately 6:00 PM.  On 6/26/2018 at approximately 7:30 am the operators met with 


Nebraska Department of Environmental Quality (NEDQ) inspector, Kyle Morton.  Mr. Morton 


accompanied the operators throughout most of the sampling.  The operators warmed up the 


instrumentation and began quality control checks.  The Picarro G2204 was found to be reading 


H2S abnormally low.  Picarro technical assistance accessed the G2204 remotely and retuned 


the laser and recalibrated the instrument.  After the recalibration the operators proceeded with 


the quality control checks.  All checks on the G2204 passed.  The DUVAS DV3000 peak count 


was found to be too low for operations which is indicative of a bad UV lamp or a misalignment 


condition.  DUVAS technical assistance was contacted and could not repair the instrument 


remotely.  Therefore, the DV3000 was not used during this project.  All other instrumentation 


was operating normally.   


Sampling outside the facility property line began at approximately 9:00 am on 6/26/2018 at 


the Big Ox facility (1616 D Ave, Dakota City, NE 68776).  Early morning sampling was conducted 


on 6/27/2018 and 6/28/2018 in order to have lowered boundary layer conditions during 


sampling.  One duplicate canister grab sample was taken outside the facility fenceline during 


heightened periods of odors on 6/27/2018 at 5:42 am.  A second canister grab sample was 


taken outside the facility fenceline on 6/28/2018 at 6:17 am.  Mobile and stationary sampling 


continued until approximately 09:00 am on 6/28/2018.  At 09:20 AM, the operators completed 


the post sampling quality control checks.  All post quality control checks passed for the Picarro 


instrumentation and the operators departed the area.  Canister samples were relinquished to 


lab chemists at the US EPA Regional Laboratory on 7/3/2018. 
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PHOTOS AND/OR VIDEOS: included in Media Appendix A 


FIELD MEASUREMENTS:  


1. 56 GMAP transect measurements 
2. 31 GMAP stationary measurements 
3. 3 TO-15 canister grab samples 
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METHODS: 
 
GMAP mobile and stationary measurements were taken around the Big Ox Energy facility on June 26-28, 
2018.  In addition, canister grab samples were taken for TO-15 VOC analysis by GC/MS.   
 
The figures below were created in R, an open-source programming language for statistical computing.  


The time series demonstrate measured concentrations over individual transects.  Ribbons corresponding 


to each transect represent concentrations that are geospatially overlaid on a Google Earth map, 


illustrating the magnitude of the plume captured during the transect. Wind speed and wind direction 


are represented by arrows.  The direction of the arrow and length of the bar corresponds to wind 


direction and speed, respectively.  The longer the wind bar, the greater the speed.  Stationary 


measurement allows for several additional analyses.  The bivariate polar plot is a function in the R 


openair statistical package that plots concentration in polar coordinates by wind speed and wind 


direction.  In these plots, the weighted mean of a pollutant concentration (measured by R5’s GMAP 


during stationary collection) * the frequency of occurrence highlights the wind speed/direction 


conditions that dominate the overall mean and provides an indication of the source(s).  These plots can 


be overlaid on a Google Earth image, with the coordinate origin centered on the GPS coordinates 


recorded during the stationary data collection.  The resulting graphics provides a visual indication of 


source attribution and identification. 


RESULTS: 


The monitored H2S concentrations were compared to threshold values, including ATSDR’s 1-14 day MRL 


(70 ppb), Nebraska’s state ambient air quality standards for TRS (NDEQ Title 129 Chapter 4), and other 


values as applicable. 


Concentrations above the detection limit were measured for H2S and CH4 during this campaign.  Figure 1 
depicts the GMAP driven measurement circuit.  Figure 2 depicts the locations of canister grab samples.  
Table 1 – Table 3 depict the maximum 1-second measured concentrations, the number of observations, 
and the length of time concentrations exceeded health screening levels for each driven transect and 
stationary measurement.    
 
Elevated levels of H2S and CH4 were measured in ambient air during mobile transects driven downwind 
of the Big Ox Energy facility.  Figure 3 depicts the H2S concentration ribbons and wind bars from driven 
transects downwind of Big Ox Energy; as the GMAP approaches the source, concentrations increase, as 
the GMAP passes the source, concentrations decrease. Figures 4- 8 depict the time-series plots of the 
same mobile transects represented in Figure 3.   
 
The highest concentrations of H2S and CH4 were measured during stationary measurements downwind 
of the Big Ox Energy facility; the maximum measured H2S concentration was 1087 ppb 
(BOX18026_ST08), and the maximum measured CH4 concentration was 199 ppm (BOX18026_ST06).   
 
During stationary measurement, monitored concentrations of H2S downwind of the Big Ox Energy 
facility exceeded NE’s TRS standard on three separate occasions (Table 4).   
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1. The H2S average for 32 minutes of stationary measurement (BOX180626_ST05) was 130 ppb.  
The overlaid H2S polar plot in Figure 9 provides a visual indication of source attribution.  The 
maximum concentration of H2S measured during the 32 minutes downwind of Big Ox Energy 
was 680 ppb (Figure 11 and 12).     


2. The H2S average for 37 minutes of stationary measurement (BOX180626_ST08) was 111 ppb.  
The overlaid H2S polar plot in Figure 13 provides a visual indication of source attribution.  The 
maximum concentration of H2S measured during the 37 minutes was 1087 ppb (Figure 15 and 
16).   


3. The H2S average for 60 minutes of stationary measurement downwind of Big Ox Energy 
(BOX180628_ST01) was 192 ppb.  The overlaid H2S polar plot in Figure 17 provides a visual 
indication of source attribution.  The maximum concentration of H2S measured during this 60 
minutes was 483 ppb (Figure 19 and 20).   


 
These mobile and stationary data indicate a potential acute human health hazard.    
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Figure 1: Path of all GMAP Measurements 


 


Figure 2: Location of Canister Sampling 
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H2S


(ppb) N>MDL


#min


>MDL


N>


70ppb


#min>


70ppb


N>


100ppb


#min>


100ppb


CH4


(ppm)


BOX180626_MA01 - 0 0 0 0 0 0 2.16


BOX180626_MA02 174.23 74 1 14 0 8 0 45.5


BOX180626_MA03 171.97 64 1 19 0 16 0 28.39


BOX180626_MA04 107.11 61 1 13 0 1 0 22.8


BOX180626_MA05 415.91 40 1 22 0 5 0 78.09


BOX180626_MA06 410.28 118 2 66 1 54 1 77.12


BOX180626_MA07 - 0 0 0 0 0 0 2.87


BOX180626_MA08 32.59 36 1 0 0 0 0 8.2


BOX180626_MA09 57.64 69 1 0 0 0 0 6.48


BOX180626_MA10 5.69 21 0 0 0 0 0 6.92


BOX180626_MA11 - 0 0 0 0 0 0 2.27


BOX180626_MA12 9.64 3 0 0 0 0 0 3.91


BOX180626_MA13 - 0 0 0 0 0 0 2


BOX180626_MA14 47.18 125 2 0 0 0 0 10


BOX180627_MA01 - 0 0 0 0 0 0 3.41


BOX180627_MA02 75.46 183 3 6 0 0 0 59.69


BOX180627_MA03 64.99 77 1 0 0 0 0 51.84


BOX180627_MA04 30.41 122 2 0 0 0 0 61.38


BOX180627_MA05 109.75 95 2 17 0 5 0 67.95


BOX180627_MA06 89.88 183 3 5 0 0 0 76.94


BOX180627_MA07 8.85 9 0 0 0 0 0 12.47


BOX180627_MA08 23.45 239 4 0 0 0 0 25.02


BOX180627_MA09 10.14 50 1 0 0 0 0 15.01


BOX180627_MA10 8.39 25 0 0 0 0 0 27.77


BOX180627_MA11 6.44 17 0 0 0 0 0 14.48


BOX180627_MA12 77.88 118 2 6 0 0 0 26.73


BOX180627_MA13 31.43 93 2 0 0 0 0 14.98


BOX180627_MA14 - 0 0 0 0 0 0 3.27


BOX180627_MA15 24.47 46 1 0 0 0 0 8.11


BOX180627_MA16 - 0 0 0 0 0 0 4.02


BOX180627_MA17 - 0 0 0 0 0 0 3.84


BOX180627_MA18 31.11 69 1 0 0 0 0 10.3


BOX180627_MA19 32.15 188 3 0 0 0 0 11.01


BOX180627_MA20 24.38 36 1 0 0 0 0 10.44


BOX180627_MA21 8.01 9 0 0 0 0 0 6.76


BOX180627_MA22 - 0 0 0 0 0 0 2.02


BOX180627_MA23 7.81 16 0 0 0 0 0 7.99


BOX180627_MA24 11.45 103 2 0 0 0 0 12.12


BOX180627_MA25 48.43 61 1 0 0 0 0 8.92


BOX180627_MA26 - 0 0 0 0 0 0 2.08


BOX180627_MA27 - 0 0 0 0 0 0 2.01


BOX180627_MA28 11.04 13 0 0 0 0 0 13.07


BOX180627_MA29 9.32 5 0 0 0 0 0 12.88


BOX180627_MA30 - 0 0 0 0 0 0 2.98


BOX180627_MA31 - 0 0 0 0 0 0 8.36


BOX180627_MA32 38.94 31 1 0 0 0 0 20.08


BOX180628_MA01 165.33 71 1 42 1 33 1 54.82


BOX180628_MA02 155.11 46 1 14 0 8 0 47.21


BOX180628_MA03 15.3 22 0 0 0 0 0 8.9


BOX180628_MA04 110.13 35 1 20 0 11 0 42.43


BOX180628_MA05 187.75 82 1 27 0 18 0 33.84


BOX180628_MA06 118.35 41 1 32 1 18 0 28.84


BOX180628_MA07 10.05 36 1 0 0 0 0 24.03


BOX180628_MA08 13.25 113 2 0 0 0 0 4.93


BOX180628_MA09 39.92 79 1 0 0 0 0 12.55


BOX180628_MA10 - 0 0 0 0 0 0 10.57


Table 1: Mobile measurement: maximum H2S and CH4 concentrations and number of measurement minutes 
above ATSDR’s MRL and NE TRS standard – June 26 – 27, 2018 
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H2S


(ppb) N>MDL


#min


>MDL


N>


70ppb


#min>


70ppb


N>


100ppb


#min>


100ppb


CH4


(ppm)


BOX180627_MA14 - 0 0 0 0 0 0 3.27


BOX180627_MA15 24.47 46 1 0 0 0 0 8.11


BOX180627_MA16 - 0 0 0 0 0 0 4.02


BOX180627_MA17 - 0 0 0 0 0 0 3.84


BOX180627_MA18 31.11 69 1 0 0 0 0 10.3


BOX180627_MA19 32.15 188 3 0 0 0 0 11.01


BOX180627_MA20 24.38 36 1 0 0 0 0 10.44


BOX180627_MA21 8.01 9 0 0 0 0 0 6.76


BOX180627_MA22 - 0 0 0 0 0 0 2.02


BOX180627_MA23 7.81 16 0 0 0 0 0 7.99


BOX180627_MA24 11.45 103 2 0 0 0 0 12.12


BOX180627_MA25 48.43 61 1 0 0 0 0 8.92


BOX180627_MA26 - 0 0 0 0 0 0 2.08


BOX180627_MA27 - 0 0 0 0 0 0 2.01


BOX180627_MA28 11.04 13 0 0 0 0 0 13.07


BOX180627_MA29 9.32 5 0 0 0 0 0 12.88


BOX180627_MA30 - 0 0 0 0 0 0 2.98


BOX180627_MA31 - 0 0 0 0 0 0 8.36


BOX180627_MA32 38.94 31 1 0 0 0 0 20.08


BOX180628_MA01 165.33 71 1 42 1 33 1 54.82


BOX180628_MA02 155.11 46 1 14 0 8 0 47.21


BOX180628_MA03 15.3 22 0 0 0 0 0 8.9


BOX180628_MA04 110.13 35 1 20 0 11 0 42.43


BOX180628_MA05 187.75 82 1 27 0 18 0 33.84


BOX180628_MA06 118.35 41 1 32 1 18 0 28.84


BOX180628_MA07 10.05 36 1 0 0 0 0 24.03


BOX180628_MA08 13.25 113 2 0 0 0 0 4.93


BOX180628_MA09 39.92 79 1 0 0 0 0 12.55


BOX180628_MA10 - 0 0 0 0 0 0 10.57


Table 2: Mobile measurement maximum H2S and CH4 concentrations and number of measurement minutes 
above ATSDR’s MRL and NE TRS standard - June 27-28, 2018 (continued) 
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H2S


(ppb) N>MDL


#min


>MDL


N>


70ppb


#min>


70ppb


N>


100ppb


#min>


100ppb


CH4


(ppm)


BOX180626_ST01 223.85 281 5 79 1 40 1 50.18


BOX180626_ST02 116.91 154 3 33 1 6 0 19.94


BOX180626_ST03 195.53 405 7 169 3 97 2 30.78


BOX180626_ST04 106.56 14 0 11 0 1 0 17.34


BOX180626_ST05 679.5 1158 19 688 11 526 9 187.7


BOX180626_ST06 531.21 390 7 132 2 81 1 199.47


BOX180626_ST07 5.45 27 0 0 0 0 0 7.68


BOX180626_ST08 1086.57 1320 22 489 8 356 6 180.34


BOX180626_ST09 41.57 181 3 0 0 0 0 13.83


BOX180627_ST01 116.8 858 14 359 6 69 1 75.59


BOX180627_ST02 194.73 371 6 225 4 165 3 82.31


BOX180627_ST03 84.26 76 1 4 0 0 0 35.08


BOX180627_ST04 21.52 423 7 0 0 0 0 18.87


BOX180627_ST06 5.45 6 0 0 0 0 0 11.49


BOX180627_ST07 100.78 215 4 41 1 3 0 22.94


BOX180627_ST08 35.97 997 17 0 0 0 0 24.3


BOX180627_ST09 31.45 48 1 0 0 0 0 10.07


BOX180627_ST10 15.93 68 1 0 0 0 0 12.3


BOX180627_ST11 74.87 323 5 15 0 0 0 14.41


BOX180627_ST12 - 0 0 0 0 0 0 4.09


BOX180627_ST13 47.16 247 4 0 0 0 0 12.57


BOX180627_ST14 - 0 0 0 0 0 0 4.49


BOX180627_ST15 - 0 0 0 0 0 0 12.57


BOX180627_ST16 45.28 1714 29 0 0 0 0 27.45


BOX180628_ST01 482.73 2474 41 1930 32 1840 31 85.64


BOX180628_ST02 445.64 631 11 261 4 246 4 78.36


BOX180628_ST03 312.74 736 12 478 8 414 7 57.98


BOX180628_ST04 11.97 298 5 0 0 0 0 4.85


BOX180628_ST05 42.66 92 2 0 0 0 0 11.75


BOX180628_ST06 57.99 643 11 0 0 0 0 13.77


Table 3: Stationary measurement maximum H2S and CH4 concentrations and number of measurement minutes 
above ATSDR’s MRL and NE TRS standard June 26 – 28, 2018) 
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Figure 3: Mobile measurements downwind of Big Ox Energy 
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  06/26/18 


MA02 H
2
S max: 174.23 ppb 


06/26/18 


MA03 H
2
S max: 171.98 ppb  


Figure 5: H2S Time-Series Mobile Transect BOX18026_MA03 


Figure 4: H2S Time-Series Mobile Transect BOX18026_MA02 
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06/26/18 


MA04 H
2
S max: 107.11 ppb 


06/26/18 


MA05 H
2
S max: 415.91 ppb 


Figure 6:  H2S Time-Series Mobile Transect BOX18026_MA04 


Figure 7: H2S Time-Series Mobile Transect BOX18026_MA05 (time from start of transect) 
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Stationary 
Measurement: 


Duration of 
Measurement 


H
2
S Max H


2
S Average CH


4
 Max CH


4 
Average 


BOX180626_ST05 32 min 679.5 ppb 130ppb 187.7 ppm 25.6 ppm 


BOX180626_ST08 37 min 1086.6 ppb 110.9ppb 180.3 ppm 16.4 ppm 


BOX180628_ST01 60 min 482.7 ppb 192ppb 85.64 ppm 38.7ppm 


Table 4: Stationary Measurement above NE's TRS standard 


06/26/18 


MA06 H
2
S max: 410.28 ppb 


Figure 8:  H2S Time-Series Mobile Transect BOX18026_MA06 
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0626_ST05: 32 min 


H
2
S max: 679.5 ppb 


H
2
S avg: 130ppb  


CH
4
 max 187.7 ppm 


CH
4 


avg: 25.6 ppm 


Figure 9: H2S Stationary Polar Plot  BOX18026_ST05 


Figure 10: CH4(ppm) and H2S(ppb) Polar Plot BOX18026_ST05 
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Figure 11: H2S(ppb) and CH4(ppm) Stationary Time-Series BOX18026_ST05 


Figure12:H2S(ppb) Stationary Time-Series BOX18026_ST05 
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0626_ST08: 37 min 


H
2
S max: 1086.6 ppb 


H
2
S avg: 110.9ppb  


CH
4
 max 180.3 ppm 


CH
4 


avg: 16.4 ppm 


Figure 13: H2S Stationary Polar Plot  BOX18026_ST08 


Figure 14: CH4(ppm) and H2S(ppb) Polar Plot BOX18026_ST08 
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Figure 15: H2S(ppb) and CH4(ppm) Stationary Time-Series BOX18026_ST08 


Figure 16: H2S(ppb) Stationary Time-Series BOX18026_ST08 
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0628_ST01: 60 min 


H
2
S max: 482.7 ppb 


H
2
S avg: 192ppb  


CH
4
 max 85.64 ppm 


CH
4 


avg: 38.7ppm 


Figure 17: H2S Stationary Polar Plot BOX18028_ST01 


Figure 18: CH4(ppm) and H2S(ppb) Polar Plot BOX18028_ST01 
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Figure 19: H2S(ppb) and CH4(ppm) Stationary Time-Series BOX180628_ST01 


Figure 20: H2S(ppb) Stationary Time-Series BOX18028_ST01 
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RECOMMENDATIONS/NEXT STEPS: 


The data will be shared with the data requestor, R7.  


 


INTERNAL GREEN YELLOW RED MEETING DETERMINATION: 


 Discussion with R7; providing final report.  
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APPENDIX A: DIGITAL IMAGE LOG 


 


1. Photographer’s Name: 
Scott Hamilton; Justin Coughlin 


2. Date(s) of Monitoring: 
June 26-28, 2018 


3. Company/Facility Name: 
Bix Ox Energy 


4. Street Address, City, State, Zip 
1616 D Ave, Dakota City, NE 68776 


5. Number of Images: 
7 


6. Archival Record Location: 
Environmental Protection Agency (EPA)\GMAP - 
Documents\2018 GMAP Season\Big Ox\Photo Archive 
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APPENDIX B: TO-15 CANISTER LOG 


 


# SN LATITUDE LONGITUDE NAME TIME 


1 
5644 42.43530085 -96.42389129 Big Ox DW #1 0617 


2 
2769 42.43451078 -96.42386581 Big Ox DW #2 0542 


3 
0490 42.43451078 -96.42386581 


Big Ox DW #2 


Duplicate 
0542 


 
     


The final canister data has not been released by the laboratory at the time of the finalization of this 
report.  The canister data will be appended once received.  










